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MEASUREMENT OF GASTRIC EMPTYING
AND GASTROINTESTINAL OUTPUT

This is a continuation of application Ser. No. 08/060,931,
filed May 13, 1993, abandoned.

FIELD OF INVENTION

The present invention relates to a system consisting of an
analysis software package, a digital data acquisition
recorder, a sensor catheter and a method for evaluation of
gastrointestinal function. More particularly, the present
invention relates to a system and a method to measure
gastric emptying or gastrointestinal output.

Specifically the system can be used on a stationary and/or
an ambulatory basis by placing a miniature gamma counter
(including one or more isotope sensitive elements such as a
cadmium-tellurium (CdTe) crystal) transnasally into the
stomach or other part of the gastrointestinal tract of a patient.
Said sensors register how markers, such as in a radiolabeled
liquid or a solid meal, decline or are passing by in a given
time. By connecting said miniature gamma counter to a
preamplifier and a combined stationary and ambulatory data
acquisition recorder, gastric emptying or gastrointestinal
output can be measured and data stored. During or after the
procedure data is transferred into an IBM compatible per-
sonal computer where said data is analyzed, compared to

normal and presented in various forms with dedicated soft-
ware.

Gastric emptying has not previously been measured by an
intragastrointestinal catheter. Nor has gastric emptying pre-
viously been measured on an ambulatory basis. Unlike
cardiac output (that is, the amount of blood that the heart
pumps out to the aorta per time unit), gastrointestinal output
have not previously been thought of as a parameter of
interest. The present invention therefor represents a signifi-
cant improvement to the arsenal of available methods for
accessing gastrointestinal function.

In addition to said measurements of isotope activity the
present invention includes the possibility to measure other
parameters simultaneously such a bile, pH, EGG, IGG and
pressure in order to better assess gastrointestinal function
and correlate various parameters with disease.

BACKGROUND

Gastric motor function such as propuision of grounded
chymous into the small bowel is difficult to assess. Several
methods have been employed, in the prior art, including dye
dilution which requires intubation of the stomach and
duodenum, radiographic studies using barium salts, and
more recently developed techniques with ultrasonic and
applied potential tomography equipment (Mangnall 1989).
The best prior art method of assessing gastric emptying at
present is, however, the use of radionuclide-labeled meals
(Fisher 1990).

‘Gastric Emptying. With the prior art, gastric emptying of
radiolabeled solids and liquids can be evaluated simulta-
neously when the various phases are marked with different
tracers such as 99mTc and 111In respectively. Frequently
used radiolabeled solid and liquid meals inciude chicken
liver, eggs, oatmeal, orange juice and water. After ingestion
of a labeled meal, anterior and posterior gamma camera
images of the stomach area are obtained in 5 to 15 minute
intervals for 1.5 to 2.0 hours. After correction for decay, the
counts in the gastric area are plotted as percentages of total
counts at the start of imaging. Results are often presented as
curves of emptying for liquids or solids against time, with

2

the 5th and 95th percentiles of normals for comparison. A
simpler technique of assessment is to derive the T1/2, which
1s the time taken to empty 50% of a meal from the stomach.
These prior art methods are performed with the patient

immobilized over a relatively short time period (e.g., 2
hours) and are far from the physiological environment
associated with meals. -

The present invention is a system and a method for gastric

- emptying and gastrointestinal output using an intragas-
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trointestinal catheter which can be used on both stationary
and ambulatory basis and represents therefor a significant
advantage over prior art. As compared with today’s prior art
method of choice, the present invention does not use an
expensive external gamma camera. In addition the present
invention uses an intragastrointestinal catheter reducing the
amount of radiolabeled material needed. Furthermore, the
present invention enables ambulatory procedures which

allows for a more physiologic environment when the meals
are ingested and processed.

Prior art catheters that include sensors for isotope activity
have been used to assess gastroduodenal reflux of radiola-
beled bile (Stoker 1990) but not gastric emptying nor
gastrointestinal output from any region of the gastrointesti-
nal tract. Ambulatory data acquisition recorders are well
known for assessing 24 hour pH and pressure from various
parts of the gastrointestinal tract, but monitoring gastric
emptying or output on an ambulatory basis in a physiologi-
cal environment in the clinic or in the patient’s home has not
previously been taught.

It is an object of the present invention to provide a
stationary and ambulatory system with which gastric emp-
tying and gastrointestinal output from any part of the» gas-
trointestinal tract can be assessed. It is a further object of the
present invention that patients undergoing a gastric empty-
ing test with radiolabeled liquids and solids shall be able to
take their meals in as normal circumstances as possible. It is

- yet a further object of the present invention that the amount

of ingested radiolabeled material can be reduced as com-
pared with present stationary gamma counters. It is yet a
further object of the present invention to enable simulta-
neous measurement of said radiolabeled material with other
parameters such as pH, bile, EGG, IGG and pressure. It is
yet a further object of the present invention to present a
unique software data acquisition program for recording,
analysis and reporting gastric emptying and intragastrointes-
tinal output procedures, said program also including provi-
sions for defining and carrying out other procedures of the
gastrointestinal tract, said program also including provisions
for including results of said procedures in a patient journal

database system.

Other methods with which this invention can be compared
include stationary gastric emptying (as opposed to gastric
output) studies in which radiolabeled liquids or solid meals
are administered to a patient in and which the patient is
positioned under a external gamma-camera which registers
the declining isotope activity from the stomach as the
stomach empties its contents. Unlike the present invention
such methods are performed under unphysiological
conditions, offer no means for ambulatory measurement of
gastric emptying or output, offer no means for placing the
sensor directly in the flow stream of the material to be
measured, and offer no means for measurement of other
parameters on a simultaneous basis.

SUMMARY OF THE INVENTION

The present invention describes a system and a method
that includes an intragastrointestinal isotope activity sensor
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catheter, a combined stationary and ambulatory recorder and
a dedicated software program. Said catheter includes a
tubular body and one or more isotope activity sensors. Other
sensors may also be included. The various isotope activity
sensors can be used either to measure various isotopes or the
same isotope at various positions. Each isotope activity
sensor communicates through the interior of the tubular
body to the proximal end of the catheter and is used for the
purpose of detecting isotope activity. Said catheter is con-
nected to an external preamplifier which is connected to a
multichannel digital data acquisition recorder. Said recorder
records the number of counters per second as detected by the
isotope activity sensors. Other parameters such as pH,
pressure, EGG, IGG and bile may be recorded simulta-
neously. Measured data can be displayed in realtime by
means of an on-line interface on a computer screen or stored
in the digital memory of the recorder. The digital recorder is
previously described in European Patent Application
88850292.9. Stored data is uploaded to an IBM compatible
computer. Said dedicated computer software computes,
analyses and reports data in graphic and numerical form and
compares results to normality. Said software also includes
provisions for carrying out other medical procedures and
provisions to include results from said and other procedures
into a database patient journal system. The present invention
includes the method of making the gastric emptying proce-
dures ambulatory by using said system.

Gastrointestinal Qutput. The present invention also
includes a new procedure called “gastrointestinal output”.
Once the intragastrointestinal isotope activity sensor cath-
eter (possibly including other sensors such as described
herein) is properly positioned, it will be connected to an
appropriate monitor and recorders of stationary or ambula-
tory type. The patient will then be given a radiolabeled meal.
In the ambulatory case, the patient can walk about as the data
for an ambulatory gastric emptying or gastrointestinal output
study is being recorded via the isotope activity sensor (and
possibly other sensors) in the catheter.

The method of determining gastrointestinal output (which
is a new parameter) monitors the isotope activity from a
cylindric volume of gastrointestinal contents corresponding
to the length of the sensing isotope element. Because the
administered isotope amount is known as well as its
concentration, by detecting how much isotope activity is
passing the detector it is possible to calculate the relative
flow in units of volume per time of the ingested meal that the
sensor sees and correlate this to gastric output. In this way
it is for the first time possible to monitor gastric output in
real time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 displays a patient with the intragastric catheter,
preamplifier and recorder in accordance with the present
invention.

FIG. 2 displays how the isotope sensor, and a pH sensor
are connected to the recorder, via an on-line interface, for
realtime display on a computer screen in accordance with
the present invention.

F1G. 3 shows an alternative positioning of the isotope
sensitive probe for a gastric output procedure.

FIG. 4 displays how a photon enters the isotope sensor
and generates a pulse that travels via a discriminator and
counters to the recorder in accordance with the present

invention.
FIG. 5 shows a view of the distal portion of the isotope-
catheter with gold shielded proximal and distal ends.
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4

FIG. 6 shows the Sensor Group screen of the software in
accordance with the present invention.

FIG. 7 shows the Procedure screen of the software in
accordance with the present invention.

FIG. 8 shows the Study screen of the software in accor-
dance with the present invention.

FIG. 9 shows the Opening screen of the software in
accordance with the present invention.

FIG. 10 shows the Patient Selection and Journal screen of
the software in accordance with the present invention.

FIG. 11 shows the Patient Registration screen of the
software in accordance with the present inveation.

FIG. 12 shows the Perform Procedure screen of the
software in accordance with the present invention.

FIG. 13 shows the Review screen of the software in
accordance with the present invention.

FIG. 14 shows a Gastric Emptying report with lines
describing normality in accordance with the present inven-
tion.

FIG. 15 shows a side view of the same catheter embodi-
ment shown in FIG. 5, but with further elements shown.

F1G. 16 shows a variation of the catheter embodiment of
FIG. 15, with a second isotope sensor.

FIG. 17 shows a variation of the catheter embodiment of
FI1G. 15, with a third isotope sensor.

FIG. 18 shows a variation of the catheter embodiment of
FIG. 15, with a fourth sensor.

FIG. 19 shows a variation of the catheter embodiment of
FIG. 15, with a perfusion lumen in the body of the catheter.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 displays a patient wearing the ambulatory recorder
1 which is connected via a cable 2 to the preamplifier 3 and
the intragastrointestinal catheter 4 with its CdTe sensing
crystal S in the stomach for measurement of gastric empty-
ing.

In FIG. 2 the CdTe sensor § and the preamplifier 3 are
together with a pH sensor 6 connected to a recorder 1, via
a direct current converter with a cascade voltage amplifier 7
and an on-line adaptor 8 for direct realtime online display of
recorded data on a computer screen 9.

FIG. 3 displays an alterative placement of the CdTe
isotope activity sensing crystal § in the duodenum 10.
Shields 11 and 12 at the proximal and distal ends of the
crystal § minimizes background radiation noise from a
radioactive meal in the stomach 13. Gastric output can be
recorded as gushes 14 above background 15 as the processed

food material passes the crystal 5 often at a frequency of 3
times per minute.

FIG. 4 shows how the CdTe sensor element §, is impacted
by a photon 16 exceeding a certain energy level. Said photon
generates an electrical signal which passes to a discriminator
17 where only pulses 18 from certain isotopes pass. Said
pulses are then counted in a counter 19 and the counted
number stored in the digital recorder 1.

FIG. 5 shows the CdTe sensor element S with gold shields
11 and 12 at the proximal and distal ends of said sensor
element. Proximal to said sensor is a shielded cable 20
leading to a preamplifier 3.

FIG. 15 shows a side view of the same catheter embodi-

ment shown in FIG. 5, but with further elements shown. The
tubular body 81 with the proximal end 82 of the body 81. are
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shown. The first isotope activity sensor 5 in the catheter is
connected to an electrical conductor 20, which may be a
shielded cable, which runs through the interior of the body
81 to the proximal end 82 of the body 81.

FIG. 16 shows a variation of the catheter embodiment of
FIG. 13, with a second isotope activity sensor 83 in the
catheter adjacent to the first sensor § and sensing a type of
isotope different from the type sensed by the first sensor. The
‘second 1sotope activity sensor 83 is connected to an elec-
trical conductor 84, which may be a shielded cable, which
runs through the interior of the body 81 to the proximal end
82 of the body 81. The second sensor 83 may be located

between the same gold shields 11 and 12 as the first sensor
5.

FIG. 17 shows a variation of the catheter embodiment of
FIG. 15, with a third isotope activity sensor 87 in the
catheter, at a location on the body 81 not adjacent to the first
sensor S, the third sensor sensing the same isotope type as
the first sensor S. The third sensor 87 may be located
between gold shields 85 and 86 at the distal end and
proximal end, respectively, of the third sensor 87. The third
isotope activity sensor 87 is connected to an electrical
conductor 88, which may be a shielded cable, which runs
through the interior of the body 81 to the proximal end 82
of the body 81. As shown, this embodiment has no second
sensor 83, although it may be used.

FIG. 18 shows a variation of the catheter embodiment of
FIG. 15, with a fourth sensor 89 attached to the catheter. The
fourth sensor 89 in a specific embodiment may be one sensor
selected from the group of sensors that each sense,
respectively, one of the following parameters including pH,
impedance, 1GG, EGQG, pressure, and bile. The fourth sensor
89 is connected to an electrical conductor 90, which may be
a shielded cable, which runs through the interior of the body
81 to the proximal end 82 of the body 81. As shown, this

embodiment has no second sensor 83 and no third sensor 87,
although either or both may be used also.

FIG. 19 shows a variation of the catheter embodiment of

FIG. 15, with a perfusion lumen 92 in the body 81 of the
catheter, and with an outlet hole 91 through the body 81, the
hole located at or near the distal end of the body 81. This
embodiment is shown with a connector 93 at the proximal
end 82 of the body 81. The connector 93 is adapted for
connection to a perfusion pump 95 and a pressure transducer
94, so that the pump 95 may pump a fluid through the lumen
92 and out the outlet hole 91 while the pressure of the fiuid
1s measured by the pressured transducer 94. As shown, this
embodiment has no second sensor 83, third sensor 87, or
fourth sensor 89, although they may be used alone or
together in any combination with the first sensor 5 and/or the
lumen 92.

A dedicated software package for ambulatory and station-
ary gastric emptying and gastrointestinal output procedures
is written in C4+ under the Windows environment. It is
designed so that it can be used generally as a software
program for patient journals combined with stationary and
ambulatory data acquisition, analysis and reports of param-
eters such as ECG, EMG, pulse, EGG, pH, respiration, pO.,
pressure, video and so forth. Its unique design includes an
option FIG. 6 under Utilities where various Sensor Groups
are designed and stored. A Sensor Group may be a catheter
with several different sensors for such measurements as
isotope activity, pH, pressure and so forth. The sensors are
clearly and userfriendly described as objects using real
names as this function is connected to a database. In the
Design Sensor Group option it is possible to set such
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features as distance between sensors, type of sensors,
resolutions, possible measurement ranges, and temperature
constants.

In a similar way also under the Utilities option, it is
possible in Procedure Definition option FIG. 7 to describe
database connected objects in easy to understand terminol-
ogy as various acquisition units 30 that shall be used in a
procedure. Several such acquisition units of different types
can be used simultaneously such as a 16 channel stationary
polygraph, an 8 channel ambulatory recorder, and a video
recorder. Said several acquisition units can be used simul-
taneously in a procedure. New hardware data acquisition
units can be installed and added to the selection. When
defining a procedure, a set of Sensor Groups and an adequate
set of hardware data acquisition units are selected. With icon
29, instructions can be given about what markers and
buttons shall be available for the user in the particular

procedure. Factors such as sampling rates, calibration values
and measurement ranges are also set.

Defining a procedure also incudes selecting a realtime
analysis module 31 that appropriately manipulates data
before it is sent to an output device 32 such as a screen,
printer or video recorder, said output devices being installed
in Utilities under a separate Add Resources option. As in the
application for gastric emptying and gastrointestinal output
procedures, the realtime analysis module may correct
counted photons for decay before said values are displayed

on screen. Calculating the decay-corrected numbers is done
with the following formula,

A(corr = (act)*e*™

Where

4(corr) is the corrected count,
4(act) is the actual count,
k is the decay constant (1n(2)/t;, .

and t is the time difference between the actual time and the

starting time. |

The t,,, time of > technetium is 6.04 hours. In
addition, said real time analysis may perform a fast fre-
quency analysis of the detected gushes of radioactive mate-
rial that passes the CdTe sensor in the gastrointestinal output
study to enable display of the frequency of pyloric relaxation
or gastrointestinal contraction. Other realtime analysis func-
tions may be to perform similar fast frequency analysis for
measurements such as pressure changes, and pattern gastric
depolarization waves.

Icon 33 in FIG. 7 enables the user to autoconnect sensor
group 28 with hardware 30, analysis module 31 and output
unit 32. Autoconnect basically works so that sensor channel
1 selects the first available adequate hardware channel which
is connected to the first adequate analysis channel which is
connected to the first free available output channel. With
icon 34 on the other hand the user can design the intercon-
nection routes simply by clicking the mouse on a sensor and
moving it to arequired hardware channel, and so forth. Once
designed the procedure is saved as an object connected
database item under an understandable name. The fact that
objects are connected to a database allows customized
userfriendly communication with the program. This is
unlike objects that are given file names only, such as in Lab
Windows from National Instruments.

A Study may include several procedures and is defined
under Utilities. For instance a gastric workup study may
include a gastric emptying procedure and an antroduodenal
motility and pH procedure. In such a case each procedure is
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defined and stored under the Procedure Definition option. In
the Design Study option FIG. 8, available Procedures 35 can
be selected that are to be included in a study 36 and carried
out in consecutive order. It is possible by holding down the
Ctrl key at the same time as a Procedure is being included
in the Study list, to add Procedures 37 that are to be carried
out simultaneously in two separate windows on the same
patient. It is also possible for instance to carry out 8 identical
procedures simultaneously in 8 different windows. By con-
necting various hardware to different patients this feature
enables monitoring of several patients in a medical depart-
ment. The Study is connected to an adequate report includ-
ing the option to generate a letter to the patient or the referral
doctor by clicking in the Report Box 38. By clicking the Use
List Box 39 the Report information is channelled to the
Patient Journal (see further discussion below).

FIG. 9 illustrates an initial software screen designed in the
Windows environment and in accordance with the present

invention. The screen includes icon 40 for patient handling.
Unlike the Windows standard for file handling, both the new

files (entering new patients) and open files (loading existent
patient files) are combined in one icon button and in one
combined option (open/new) under Files 41 only. Other
initial icons include icon 42 for closing file sand icon 43 for
printing purposes.

File 41 includes an option to delete patient files. View 44
includes the option to bring various bars on screen including

a realtime instruction bar. Utilities 45 includes options to

design Sensor Groups, Procedures Studies and to add
Resources.

Selecting icon 40 or Open/New from File 41 leads to a
screen as in FIG. 10. There is no prior name in the Patient
Name 50 and ID 51 boxes. If a new patient is to be
registered, the user simply types said patients name and ID
into said boxes. Alternatively if an “already existing” patient
is to be handled said existing patient can be found in the
Patient List box §2. An existing patient is selected by
clicking with the Mouse and the name and ID are displayed
in the Name and ID boxes. In addition said patient’s Patient
Journal 53 is displayed to the left. The Patient Journal
displays for each default certain dates of interest with a
comment such as which procedure was carried out on that
date, what was discussed, or if any images were taken. By
clicking on a particular date or comment the full report as
defined in Design Study is displayed including images and
sequences of live video. By clicking on the enlargement
button 354 in the next upper right corner, the Patient Journal
fills the screen and a third column becomes visible to the
right of previous displayed columns. Said third column
contains additional detailed comments, similar to said
comments, related to the dated events, including options to
click on for bringing additional in depth information to the
screen.

Said Patient Journal is made easy to handle as each event
is described in normal language as an object related to a
database. One entry in the database may be the address to a
position where live video, or a short particular segment of a
polygraph recording is stored. In this way it is possible to
build up large patient journal databases where various infor-
mation is stored at various places, such as on different disks.

If more than one patient is to be monitored at the same
time the Ctrl key is pushed while selecting additional
patients. Selected patient is highlighted. If more than one
patient is selected said patients will be numbered on a
consecutive basis as selected. Said numbers will correspond
to the corresponding screen number that is created when
several procedures are selected simmltaneously, such as
under the Design Study option.
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When several patients are selected the Name 50 and ID 51
boxes become enlarged so that all selected patients are
included in said boxes. Similarly the Patient Journal 53 will
be tiled in smaller windows so that each patient displays a
Patient Journal window.

Once a patient or patient group is selected and a Study is
be carried out said Study is selected from the list of available
Studies in the Study Name box 55. To register a patient is an

example of a Study and said Study may be named Demo-
graphics 56. If the Study Demographics is selected, a
Registration Form, FIG. 11, is displayed into which demo-
graphic data can be filled in. When a Study is selected, a list
of its Procedures is presented if more than one Procedure is
included. When a procedure is selected the Perform Screen
FIG. 12 is shown on the computer. A number of tracings 60
corresponding to the parameters to be measured are passed
by. With icon 61 the tracings are saved into memory. The
icon changes and the next time it is clicked, the savings
status is interrupted. With icon 62 any screen is momentarily
frozen while recording, with or without the saving on feature
continued in the background.

The screen can be divided in two parts. One with com-
pressed tracing in a history window. Here it is possible to do
tasks such as review, move around, expand, and search in the
history window while the other window continuously dis-
plays realtime acquisition data.

In perform mode it is possible to mark segments as
Events. It is also possible to insert markers 63 into the
recording by clicking on one of the icons. It is possible to
typewrite messages into the recording in a marker.

By double clicking on a channel in the channel header 64
sald channel disappears. By clicking at the top or bottom +
or — signs 63, said scale or offset change respectively.

When a Procedure is performed, the user clicks the stop
button 61. To review the procedure, the user clicks icon 67.
The Review screen is shown in FIG. 13. With a scroll bar 70
it is possible to address any part of the recording. The x-axis
of the recording can be compressed or expanded. The
markers and Events are displayed. In FIG. 14 a Gastric
Emptying Tracing is displayed at compression rate 64.
Distance between vertical lines is 5.0 minutes. The vertlcal
scale 1s in units of counts per second.

The embodiment illustrated and dlscussed in this speci-
fication is intended only to teach those skilled in the art the
best way known by the inventor to make and use the
invention. Nothing in the specification should be considered
as imiting the scope of the present invention. Changes could
be made by those skilled in the art to produce equivalent
systems without departing from the invention. The present
invention should only be limited by the following claims and
their legal equivalents.

I claim:

1. A catheter comprising:

(a) an ambulatory intragastrointestinal catheter with a
tubular body having a distal end and a proximal end,

(b) a first isotope activity sensor, having a distal end and
a proximal end, in the distal end of said body,

(c) a first gold shield at the distal end of the first sensor,

(d) a second gold shield at the proximal end of the first
sensor, and

(¢) an elecirical conductor connected to said first sensor
and running through an interior of said body, for the
length of said body, to the proximal end of said body.

2. The invention of claim 1, wherein the first sensor

further comprises a CdTe sensor element.

3. The invention of claim 1, wherein the electrical con-

ductor further comprises a shielded cable.
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4. The invention of claim 1, further comprising:

(a) a second isotope activity sensor, located adjacent to the
first isotope activity sensor in the body and between the
first gold shield and the second gold shield, the second
sensor including means for sensing a type of isotope
different from a type sensed by the first sensor, and

(b) an electrical conductor connected to the second sensor
and running through the interior of the body, for the

length of the body, to the proximal end of the body.
5. The invention of claim 4, further comprising:

(a) a third isotope activity sensor, at a location in the body
not adjacent to the first sensor, the third sensor having
a distal end and a proximal end and including means for
sensing the same type of isotope as the first sensor,

(b) a third gold shicld at the distal end of the third sensor,

(c) a fourth gold shield at the proximal end of the third
sensor, and

(d) an electrical conductor connected to the third sensor
and running through the interior of the body, for the
length of the body, to the proximal end of the body.
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6. The invention of claim 1, further comprising:

(a) an additional sensor attached to the body and selected

from a group of sensors sensing, respectively, one of
the following parameters:

pH,
impedance,
1GG,
EGG,
pressure, and
bile, and
(b) an electrical conductor connected to said additional
sensor and running through the interior of said body to
the proximal end of said body.
7. The invention of claim 1, further comprising:

(a) a perfusion lumen having a distal end and a proximal
end and extending through the length of said body, with
an outlet hole through the body communicating
between an exterior of the body and the lumen, the hole
located near the distal end of said body, and

(b) a connector at the proximal end of said lumen adapted

for connection to a perfusion pump and pressure trans-
ducer.



	Front Page
	Drawings
	Specification
	Claims

